Abstract: A signal processing dispersion compensation method for optical coherence tomography is presented. This approach, based on generalized autoconvolution function, can improve axial resolution without apriori knowledge of dispersive properties of the sample. 02003 Optical Society of America Since its inception in the early 1990s, optical coherence tomography (OCT) has evolved into an increasingly effective and promising optical diagnostic tool, particularly in biological and biomedical imaging applications [ 13. It involves using the coherence length of a light beam as a gauge of structural distance in a sample. An obvious way of enhancing the depth resolution of OCT by employing light sources with broader spectral bandwidth is limited in practice by dispersion of the sample that increases the coherence length of the signal field. A number of techniques have been developed to combat dispersion effects [2-41; however, most of them need to know the actual dispersive properties of the measured sample. In contrast, the compensation method presented below can be used to extract in many cases nearly dispersion-free depth profiles without assuming a specfic dispersion distribution An OCT scan yields the analytical mutual coherence function r(z) = exp ( 2 i w , z ) (~~~f ( t -2 z ) E , , , ( t ) ) between the signal field E,,&) and the delayed reference field Ere&-2z), where for future convenience we have separated out the phase factor exp(2imz) rapidly oscillating with the central optical frequency of the probe light. The method for blind dispersion compensation consists in computing the following generalized autoconvolution function from the mutual coherence function T(z):
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where the paameter w, not directly connected to dispersion affecting the data, will be used to tune the performance of the method. We illustrate this method in Fig. 1 , depicting reconstructed depth profiles for a pair of reflecting layers embedded in a dispersive material. The autoconvolution function E.,(%) contains two peaks corresponding to the locations of the layers. A simple calculation assuming a Gaussian spectrum and purely second-order dispersion demonstrates that for w=O the width of these peaks corresponds to the coherence time of the source without the effects of dispersion. The autoconvolution function also contains spurious artifacts generated by the numerical interference of the signals reflected from distinct layers. An example of such an artifact is present in Fig. 1 as an oscillatory structure located half way between the peaks, which as clearly seen in our example. can be suppressed by setting an appropriate positive value of the parameter w at the cost of a slight broadening of the genuine signal. A careful theoretical study of Eq. (1) has been carried out to confirm these features of the compensation method and analyze its applicability to more complicated dispersion profiles.
The autocorrelation function Z.,(z) is closely related to the time-frequency Wigner distribution of the coherence function I'(z). Specifically, for w=O it is a cut through the time-frequency plane for the central frequency of the probe light and the non-zero value of w corresponds to averaging along the frequency axis in order to suppress interference terms of the Wigner function, a problem well known in the theory of signal processing [5] . The method presented here is also closely related to the quantum technique based on frequency-correlated photon pairs [4] , and it offers all the advantages of the latter without resorting to non-classical sowes of radiation
